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(57) Abstract 

A biofilm penetrating composi- 
tion for coating medical devices for 
substantially preventing the growth of 
biofilm embedded microorganisms or 
bacterial colonization on, at least, one 
surface of the medical device. A 
biofilm penetrating composition solu- 
tion for cleaning medical devices which 
is capable of substantially removmg 
all the biofilm embedded microorgan- 
isms from at least one surface of med- 
ical devices. Medical devices hav- 
ing a coating of the same composiuon 
are also disclosed. The composition 
comprises biofilm penetrating agents 
from the group of N-Acetylcysteme 
and derivatives thereof. 
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PREVENTING AND REMOVING BIOFILM 

FROM THE SURFACE OF MEDICAL DEVICES 



RELATED APPLICATIONS 

This application claims the benefit of U. S. Provisional Application No.. 60/1 11.209, filed 
December?, 1998. 

BACKGROUND OF THE INVENTION 
5 1. Field Of The Invention 

The present invention relates to a composition for coating or cleaning medical devices 
that are likely to become contaminated or have become contaminated with microorganisms and 
methods for preventing biofilm embedded microorganisms ftom growing, or proliferating, on the 
.surface of medical devices, and for removing biofihn embedded microorganisms growing, or 
10 proliferating, on the surface of medical devices. 
2. Description Of Related Art 

As a defense to antimicrobial agents and other environmental hazards which may affect 
the survival and proliferation of microorganisms, microorganisms form a defense layer called 
biofilm. Formation of biofilm on the surface of various medical devices can be detrimental to 
15 the integrity of the medical device, present health risks, and prevent sufficient flow through the 
lumens of medical devices. 

Although coating or cleaning medical devices with antimicrobial agents, e.g.. antibiotics 
or antiseptics, can be effective in killing or inhibiting growth of planktonic organisms on the 
surfaces of such items, the antimicrobial agents are generally much less active against the 
20 microorganisms that are deeply embedded within the biofilm. The failure of the antimicrobial 
agents to sufficiently remove the microorganisms is in part due to the shielding effect of the 
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b.ofiU„. The Uom. p«v™. pe„e«.«„„ of ^n,^,^,,^ ^^^^ .^^^ 

Wll the microorganisms residing therein. 

Accordi„g„.prior,o U,edevelopm«„„f u,ep^e„,i„ve„«„„. ^ been no biofita 
P=ne.ating composition. .eUKK, for coa.i„, medical device., .e^od for removing bioiita 
3 embedded mic.oo:.an.ms ^ a. ieas. one of medicai devices, or coa.ed medica, 

device. ««cb: p^vides disr^^Uon of U,e biofllm u.e.by allowing antimicrobial age„« and/or 
-fUnga, agen. . pene«.. ^ biofilm and .«nove biofilm embedded micorganisms ftom 
^ surface of medical devices; and prevents ^ growa, or prolifemtion of biofllm embedded 
n,.croorganisms on .he surface of medical devices. Wo^. fl,e an has sough, a biofllm 
10 pencmting composition, method for coating medical devices, method for removing biofilm 
embedded microorganisms flom at leas, one smface of medical devices, or coated medical 
devce. Which: provides disn,.i„n of «,e biofihn «.ereb. allowing antimicrobial agen« and/or 
-togal agen. .o peneua. the biofilm and .^ove biofllm embedded microorganisms fl.m 
*e surface of medical devices; and prevents U,e g^wti, or prolifemtion of biofilm embedded 
nuc^organisms on U.e surface of medical device. 1. is believed ^ «,e presen. invention will 

ach.evcu.seobjectivesandovercomeftedisadv^osofothermedicaldevicesandtechni<,„es 

»*afie,dofthei„vention.b.i,srcsultsoreffec.a..sti,ldep.m,en.upo„ti«s.,„»,^ 
of the operator. 



SUMMARY OF INVENTION 
In accomance witi, the invention ti,e foregoing advantages have been achieved tinough 
*e presen. composition for subs.antial„ pt^enting ti,e g^wti, or proliferation of biofihn 
e»beddedmic.^^,„.„„,,,^,„„^^^^^^^^^^^^^^^^^^_^^^_^^^_^^ 

biofilm penetrating agent. 
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A further feature of the composition is that the composition may further comprise a base 
material. Another feature of the composition is that the at least one biofilm penetrating agent 
may be selected from the group consisting of cysteine and derivatives thereof. An additional 
feature of the composition is that the at least one biofilm penetrating agent may be selected from 
5 the group consisting of N-acetylcysteine and derivatives thereof. A further feature of the 
composition is tiiat the base material may be selected from tiie group consisting of rubbers, 
tiiermoplastics, and elastomers. Another feature of the composition is that the base material may 
be selected from the group consisting of water and buffer solutions. 

In accordance witii the invention the foregoing advantages have also been achieved 
10 through the present composition for removing substantially all of the biofilm embedded 
microorganisms fi-om at least one surface of a medical device comprising at least one biofilm 
penetrating agent 

A further feature of the composition is that the composition may further comprise a base 
material. Another feature of the composition is that the at least one biofilm penetrating agent 

1 5 may be selected fi-om the group consisting of cysteine and derivatives tiiereof. An additional 
feature of the composition is that the at least one biofilm penetrating agent may be selected fi-om 
the group consisting of N-acetylcysteine and derivatives thereof. A further feature of the 
composition is that tiie base material may be a buffer solution. Another feature of the 
composition is that the buffer solution may be phosphate buffered saline. 

20 In accordance with the invention the foregoing advantages have also been achieved 

through the present metiiod for substantially preventing the growth or proliferation of biofilm 
embedded microorganisms on at least one surface of a medical device comprising the steps of: 
providing a medical device having at least one surface; providing a biofilm penetrating 



3 
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composition; ™d contacting ti,c biofiin, penetrating composition to the medical device in an 
amoum sufficient to substantially prevent fl» growth or proliferation of biofilm embedded 
microorganisms on the at least one surface of the medical device. 

A further feature of the method for substantiaUy preventing the growth orprolifer^on 
5 of biofilm embedded microot^ganisms on a, least one surface of a medical device is that U,e 
biofilm penetrating composition may be formed by mbdng cysteine or deHvadves thereof and 
a base material. An additional feature of the method for substantially p^venting the growth or 
proliferation of b.ofilm embedded micorganisms on a, least one surftce of a medical device 
is that d,e biofilm penetrating composition may be contacted to the medical device for a period 
of time sufllcien, to form a coating of the biofilm penetrating composition on d,e at least one 
surface of the medical device. Another feature of the method for substantially preventing the 

growUtorproUferaUonofbiofihn embedded microorganisms on atleast one surface ofamedical 
device is that the biofilm penetrating composition may be contacted to the medical device by 
integrating «,e biofilm penetrating composition with the material fomting the medical device 
during formation of the medical device. A fimher feature of the method for substantially 
preventing the growth or proliferation of biofilm embedded mic^ot^anisms on at least one 
s«*ce of a medical device is that the biofilm penetratmg composition may be contacted to the 

medical device by flushingthemedicaldeviceinthebiofilmpenetmtingcompositionfbraperiod 

oftimesufficientfor prating the gn,wthorpmliferationofbiofilm embedded micmorganisms 
on at least one surface of the medical device. 

In accordance with the invention the foregoing advantages also have been achieved 
trough the presem coated medical device having at least one surface which may substantially 
prevem the growth or proliferation of biofilm embedded microorganisms on the at leas, one 
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surface of the coated medical device, comprising: (a) a medical device; and (b) a biofilm 
penetrating composition coating for substantially preventing the growth or proliferation of 
biofihn embedded microorganisms on the at least one surface of the coated medical device, the 
biofilm penetrating composition coating being disposed upon the at least one surface. 
5 A fiirther feature ofthe coated medical device is that the biofilm penetrating composition 

coating may include at least one biofilm penetratmg agent. An additional feature ofthe coated 
medical device is that the biofilm penetrating composition coating may further include a base 
material. Another feature ofthe coated medical device is that the at least one biofilm penetrating 
agent may be selected fi-om the group consisting of cysteine and derivatives thereof. A fiirther 

10 feature of the coated medical device is that the at least one biofilm penetrating agent may be 
selected from the group consisting of N-acetylcysteine and derivatives thereof. An additional 
feature ofthe coated medical device is that the base material may be a buffer solution. 

In accordance with the invention the foregoing advantages have also been achieved 
through the present method for removing substantially all of the biofilm embedded 

15 microorganisms fiom a medical device having at least one surface, the at least one surface ofthe 
medical device having biofilm embedded microorganisms attached thereto, comprising the steps 
of: providing a medical device having at least one surface, the at least one surface ofthe medical 
device having biofihn embedded microorganisms attached thereto; providing a biofilm 
penetrating composition; and contacting the biofilm penetrating composition to the medical 

>0 device in an amount sufficient to remove substantially all of the biofilm embedded 
microorganisms from the at least one surface of the medical device. 

A fiirther feature of the method for removing substantially all of the biofilm embedded 
microorganisms fit)m a medical device having at least one surface is that the biofilm penetrating 



wo 00/33895 

PCT/US99/28843 

co„,positio„ may be fonned by „M„g a biofito „„g agen, and a ba.e material. A. 
additional feature of the meflaod for r«novi„g .ubstantiaUy all of .he biofiln, embedded 
micn-orsanisn. fton, a medical device having a. least one .nrfece is that the biofUm penetrating 
agent may be selected from the g™„p consisting of cysteine and derivatives theteof. Another 
5 feature of the medtod forremoving substantially all of «,e biofihn embedded microotganisms 
from a medical device having at leas, one surface is the biofilm penetrating agent is selected 
fern fl-e g,„„p consisting of N-acetylcysteine and derivaUves theteof. An additional fcamre of 
.he me«,od for removing substanUally all of fte biofihn embedded mic^organisms fiom a 

medical devicehavinga.le.s,onesurface is that the base material isabuffer solution. Afimher 
' 0 fea,u,e of Ure medtod for .emoving substanUally all of d« biofihn embedded microorganisms 

fix.mamedicaldevicehavinga.leas.onesurfaceisd,attheb,ofilmpenet,atingcompositionmay 
be conucted to fte medical device by flushing ^ medical device in d,e biofilm penet^trng 
ccmposiflon foraperiod of Ume sufBcien. ,o substantially prevent dtegrowd. or p.olife,a.ion 
Of biofilm embedded microorganisms on fte a. leas, one surface of dte medical device. 

The biofilm peneuadng composi.ion. mcftod for coadng medical devices, method for 
removing substantially all biofihn embedded microotgamsms ftom at leas, one surface of 
medical devices, and coated medical device of dte pre^. invention, when compa-ed with 
previously proposed biofihn penet«ti„g com^sitions. methods of coating medical devices 
methods of removing substantially all biofilm embedded mie^organisms fiom at leas, one 
20 surface of medical devices, or coated medical devices have the advanuges of: p^viding 
-.srupfion Of fte biofilm dteteby allowing a„.imicrobia, agen.s and/or anUfimga, agen.s .o 
peneua. ^e biofihn and remove biofdm embedded microorganisms fiom *e surface of medical 
devces; and prevenUng d,e gro«h or proliferation of biofihn embedded mictoorganisms f„m 
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the surface of medical devices. It is believed that the present invention will achieve these 
objectives and overcome the disadvantages of other medical devices and techniques in the field 
of the invention, but its results or effects are still dependent upon the skill and training of the 
operator. 

5 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a specific embodiment of a catheter insertion seal having a biofilm penetrating 
composition incorporated into an adhesive layer located on the catheter insertion seal. 

While the invention will be described in connection with the preferred embodiments, it 
10 will be understood that it is not intended to limit the invention to these embodiments. On the 
contrary, it is intended to cover all alternatives, modifications, and equivalents, as may be 
included within the spirit and scope of the invention as defined by the appended claims and 
: equivalents thereof. 

15 DETAILED DESCRIPTION AND SPECIFIC EMBODIMENTS 

In one aspect, the present invention is directed to a biofilm penetrating composition which 
may be in the form of a coating which is applied to medical devices and which substantially 
prevents biofilm embedded microorganisms fi-om growing and proliferating on at least one 
surface of the medical devices and/or substantially facilitates access of antimicrobial agents to 

20 the biofilm embedded microorganisms to assist in the prevention of the biofilm embedded 
microorganisms from growing or proliferating on the at least one surface of the medical device. 
The biofilm penetrating composition may also be in the form of a liquid, or solution, which is 
used to clean medical devices which include biofilm embedded microorganisms living and 
proliferating on at least one surface of the medical devices by flushing, rinsing, soaking, and/or 

7 
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any o*„ c,ca:,„g r,^ ,„ ^ ^ ^^^^ ^ ^ 

at least one surface of the medical device. 

Brolly. U,e biofita TOng con^posiUon includes a bioilta pe„e..,i„, agea, which 
5 .n activated ».e. disn.p. .he ^ ofn,^,^^, ^ .icroo^anis.. 
and/or aUows c*. a„U™c.obiaI age„„ e.g.. antiseptics or antibiotics, o, antifungal agen. 
P-en. in fte biofita peneti^ting composition ,o .n,ove U,e bioiiln, embedded n,icoorganis.,s 
fron, a. leas, one surface of ti,e medical device, and/or prevent ti,e g^wti, or pr„,ife^i„„ 
b.ofita embedded microorganisms on a, leas, one surface of fte medical device. Specifically 
.0 ti.e biomm penet^ting composition citing for medical devices may be fo^uiated .o 
substantially preven. ti,e prolifction of biofUm embedded microorganisms, and/or remove 

substiu-tially all of ti„mic.organisms.onti,esurf^ofmedical devices. "Biofilmembedded 
nucrocganisms" is he^in defined as any mic^organism which form, a biofihn *.ing 
coloni^on and prolife.tion on ti,e sur^e of medical devices. inCudin, b„. „„. iimi.ed 
^ram-positive bac«a (snch ....^ococc. ^^^^^^ ^ 

^s^,o.o^ a.rus,nosa,, and/or fiu.gi (such as Ca,^^ ^ 
Pene..ting coating may include a biofihn penctiating agen, alone, preferably. ti,e hiofilm 
Pcnetiating composition coating includes a base material and a biofihn penetiating agen. 
^.ofihn penet^tin, composition may also include more ti.an one biofihn pene.„.h,g agent as 

aes„^ornecessao.opreven.or.m„vemicr„o.ganismsfiomatleas.o„esur^ofamedical 

device. 

"Medical devices- are herem defined as disposable or permanent cati^. (e.g,. cential 
venous cati^ete.. dialysis catheters. ,ong..e™ tunneled cental venous cati,et«.. sho„-term 
-tia, venous cati,e.ers. periphen.lly tasened cental cati,e.ers. peripheral venous cati„tets 
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pulmonary artery Swan-Ganz catheters, urinary catheters, and peritoneal catheters), long-term 
urinary devices, tissue bonding urinary devices, vascular grafts, vascular catheter ports, wound 
drain tubes, ventricular catheters, hydrocephalus shunts, heart valves, heart assist devices (e.g., 
left ventricular assist devices), pacemaker capsules, incontinence devices, penile implants, small 
5 or temporary joint replacements, urinary dilator, cannulas, elastomers, hydrogels, surgical 
instruments, dental instruments, tubings, such as intravenous tubes, breathing tubes, dental water 
lines, dental drain mbes, and feeding tubes, fabrics, paper, indicator strips (e.g., paper indicator 
strips or plastic indicator strips), adhesives (e.g., hydrogel adhesives, hot-melt adhesives, or 
solvent-based adhesives), bandages, orthopedic implants, and any other device used in the 

1 0 medical field. "Medical devices" also include any device which may be inserted or implanted 
into a human being or other animal, or placed at the insertion or implantation site such as the skin 
near the insertion or implantation site, and which include at least one surface which is susceptible * 
to colonization by biofilm embedded microorganisms. Medical devices also include any other « 
surface which may be desired or necessary to prevent biofilm embedded microorganisms fi-om 

15 growing or proliferating on at least one surface of the medical device, or to remove or clean 
biofilm embedded microorganisms from the at least one surface of the medical device, such as 
the surfaces of equipment in operating rooms, emergency rooms, hospital rooms, clinics, and 
bathrooms. In one specific embodiment, the biofilm penetrating composition is integrated into 
an adhesive, such as tape, thereby providing an adhesive which may prevent growth or 

20 proliferation of biofikn embedded microorganisms on at least one surface of the adhesive. 

Implantable medical devices include orthopedic implants which may be inspected for 
contamination or infection by biofilm embedded microorganisms using endoscopy. Insertable 
medical devices include catheters and shunts which can be inspected without invasive techniques 
such as endoscopy. The medical devices may be formed of any suitable metallic materials or 

9 
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non-^callio material, known ,o pe.ons *n,ed in a«. Examples of metallic material, 
include, bu, are not limited to, tivanium, titaninm. and stainless steel, and derivatives or 
combinations a,e,«,f. Examples of non-metallic materials include, bu. are.not limited to. 
thermoplastic or polymeric materials such as n.bber, plastic, polyesters, polyethylene, 
5 polyurethane. silicone. Gotex (polytetmfluoroethylene), Dacx>n® (polyeflrylene tett^hthalate). 
Teflon® (polytetrailuo^ethylene). latex, elastomers and Dacron® sealed with gelatin, collagen 
or albumin, and derivatives or combinations thet^f. The medical devices include at least one 
surface for applying the biofilm penetrating compositio.. Preferably, the biofilm pen«n.ting 
composition is applied to the entire medical device. 
0 The biofilm penetraUng composition may mclude any number of biofihn penetrating 

agents and base material, knov™ to per^ns skilled in fl. ari. Preferably, the biofilm penettating 
agents have mucolyfic capabihties. i.e., the ability to bteak-up and penetrate mucous, and/or the 
capability of penetrating and breaking-up microorganism biofilm 

Suitable bioiite, penetrating agents include the amino acid cysteine and cysteine 
derivatives. Examples of suitable biofilm penetrating agents include cysteine (^cysteine. D- 
cysteine. DL-eysteine), DL-Homocysteine. L-cysteine methyl ester, L-eysteine ethyl ester, N- 
carbamoylcys,eine,cysteamine,NK2.mercap,oisobu,y^l).L-cys,eine,N<2.me,eap^^^^^^^ 
l^steine-A. N-(2.mereap,opropionyI>L-cysteine-B. N<3-me,eap.opropionyl>L-eystein.. L- 
cysteineethyl ester hydrochloride. L-eystdne methyl esterhyd.ochloride,nacystelyn (a lysinesal. 
of N-acetylcysteine), N-acetylcysteine, and derivatives thereof Preferably, the biofilm 
penetrating agent is N-acetylcysteine and derivatives thereof. 

N-aeetylcysteine corresponds to the chemical fonnula C, H, NO, S and the following 
chemical structure: 
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OH 

I 

o c=o 

II I 

5 CH3 — C— NH — CH — CHj — SH 

N-acetylcysteine is an "acetylated" derivative of the amino acid cysteine. Cysteine, and all amino 
acids more complex than glycine, exists as two enantiomeric forms, the naturally occurring "L" 
form and its non-naturally occurring "D" form. The "L" form of N-acetylcysteine, which is 
1 0 designated N-acetyl-L-cysteine, is preferred for use herein, because it is more readUy available, 
although the "D" form can be used. It is also recognized that cysteine and its N-acetylated 
derivative can exist as an oxidized dimer, however, the monomeric form of N-acetylcysteine is 

preferred for use herein. 

While N-acetyl-L-cysteine is preferred, it is contemplated that derivatives of N- 

!5 acetylcysteine may also be used as biofilm penetrating agent. These derivatives include esters, 
amides, anhydrides, and thio-esters and thib-ethers of the sulfhydryl moiety. Examples of 
suitable N-acetylcysteine derivatives include, but are not limited to. methyl-N-acetylcysteine, 
ethyl N-acetylcysteine, stearyl N-acetylcysteine, N-acetylcysteine methylthioether, N,S- 
diacetylcysteme, N-acetylcysteine amide. N-mercaptoacetyl-L-cysteine, and the mixed anhydride 

20 of N-acetylcysteine and acetic acid. 

It is also contemplated that pharmaceutically acceptable salts of N-acetylcysteine and 
derivatives of N-acetylcysteine may also be used as biofilm penetrating agents. Non-limiting 
examples of these salts include sodium salts, e.g., N-acetyl-L-cysteine sodium salt and N-acetyl- 
L-cysteine sodium zinc monohydrate, potassium salts, magnesium salts, e.g., N-acetyl-L-cysteine 

25 magnesium zinc salts, calcium salts, e.g., N-acetyl-L-cysteine calcium zinc monohydrate, zinc 
salts, e.g.. N-acetyl-L-cysteine zinc salt, zinc mercaptide salts, ammonium slats, e.g., N-acetyl-L- 

11 
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cy^eme an^o™ zinc s^, ca.c™ ^„c N-aoe,y,-L-cys.ei„a,e ace,a,e, zinc ^ccapUdc N- 
acc^ne carboxyla.«, and aiky, annnoniun, and ail^no, an^onin™ .ai., i.e., wherein fte 

ammonium ion is snbsdtmed wift one or mo« alKyl or allcanol moieties. 

TT>e biofilm penetiating agem is included in biofilm peneteting composition in 
5 amount sufficient ,o pe„«:a.. or b,eak-up «,e biofilm and provide ti,e biofibn peneti^ting 
agen, antimicrobial agen, and/or antifungal agen, access ,o fte biofilm embedded 
m-croorganisms ti,ereby facili.ting .be removal of substimtially all of U,e bioflbn embedded 
m-croorganisms fiom a. leas, one surface of ti,e medical device. Wbile *e biofilm pene«ating 
agen. may be 1 OOV. of .he biofilm pene..ting composition, preferably. U,e biofilm penetiating 
composition conuins from a. leas. abou. 0.01% .o abou, 60% biofilm penetiating agen. by 
weigh, based upon fte u>^ weigh, of ti,e biofilm penetiating composition being employed. In 

ftep.ef«redembodimen.,fl.ebiofilmpene.ratingcompositionincludesfioma.leas.abou.0.5% 
to about 30% (by weigh.) biofilm penetiating agent 

Il« .enn "base materia," is defined hetein as any of a gtoup of matoials which 
effectively disperses ti,e biofilm penctiating agen. a. an effe«ive concenti^tion .o penetiate or 
b-eak-up. ti,e biofihn ti^ereby facilitating access of ti.e biofilm penetiating agent, antimic^bial 
agen.s, and/or antifimgal agen« .o ti« microorganisms embedded in ti,e biofilm. and ti,us 
removal of subsrantiall, all of .he microorganisms fiom a. leas, one surface of ti.e medical 
dev.ce. The tem, "base material" also includes any gtoup of soMons which effectively disperse 
fte biofihn peneti^ting agen, a, an effective concentiation .o fom, a biofilm penetiating 

composition coating formedical devices whicbs„bstiu,tiallyp.even«ti„g.„wti.orp„lif«ation 
Of biofilm embedded micootganisms on a. least one surface of fte medical device. In tite case 
of ti^ biofilm penetrating composition coating, prefetably. ti,e base material also facaiu.es tite 
adhesion of tire biofilm penctiating comp^ition to at least one surface of ti,e medical device and 
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prevents the biofilm penetrating composition coating from being easily removed from the surface 
of the medical device, thereby facilitating the utilization of the biofilm penetrating composition 
to coat at least one surface of a niedical device. 

Examples of suitable base materials include, but are not limited to, buffer solutions, 

5 phosphate buffered saline, saline, water, polyvinyl, polyethylene, polyurethane, polypropylene, 
silicone (e.g., silicone elastomers and silicone adhesives), polycarboxylic acids, (e.g., polyacryUc 
acid, polymelhaciTlic acid, polymaleic acid, poly-(maleic acid monoester), polyaspartic acid, 
polyglutamic acid, aginic acid or pectimic acid), polycarboxylic acid anhydrides (e.g., 
polymaleic anhydride, polymethacrylic anhydride or polyacrylic acid anhydride), polyamines, 

1 0 polyamine ions (e.g.. polyethylene imine, polyvinylamine, polylysine, poly-(dialkylammeoethyl 
methacrylate), poly-(dialkylaminomethyl styrene) or poly-(vmylpyridine)), polyammonium ions 
(e.g., poly-(2-methacryloxyethyl trialkyl ammonium ion), poly-(vinylbenzyl trialkyl ammonium 
iofes), poly-(N.N.-alkylypyridinium ion) or poly-(dialkyloctamethylene ammonium ion) and 
■polysulfonates (e.g. poly-(vinyl sulfonate) or poly-(styrene sulfonate)), collodion, nylon, rubber, 

15 plastic, polyesters, Gortex (polytetrafluoroethylene), Dacron® (polyethylene tetraphthalate), 
Teflon® (polytetrafluoroethylene), latex, and derivatives thereof, elastomers and Dacron® sealed 
with gelatin, collagen or albumin, cyanoacrylates, methacrylates, papers with porous barrier 
films, adhesives, e.g., hot melt adhesives, solvent based adhesives, and adhesive hydrogels. 
fabrics, and crosslinked and non-crosslinked hydrogels, and any other polymeric materials which 

20 facilitate dispersion of the biofilm penetrating agent and adhesion of the biofilm penetrating 
coating to at least one surface of the medical device. Linear copolymers, cross-linked 
copolymers, graft polymers, and block polymers, containing monomers as constituents of the 
above exemplified polymers may also be used. 



■■■,..v- 
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TT.eten„»poIyvM-i.defi„edhe^ as any ofagroup of polymerized vinyl compounds 
such as PV-coA-coA (Polyvinyl butyryl-co-vinyl alcohol^o-vinylaceu-e), PV.„A-coA plus 
hyd«.xylapati.e, PVP (Polyvinyl py^Hdone). PVP-co-VA (Polyvinyl py^olidone co-viny. 
acetate dissolved in 2.propanol) and combinations thereof. 
5 Ti. tenn "nylon" is defined hetein as any of a g,.up of synfl,etic long-chain polymeric 

amides with ^cutring amide groups having great strengd, and elasticity, such as 
polycaproiactam. polylautyl-lactam and polyhexamethylene sebacamide. 

The tenn "collodion" is defined herein as any of a gtoup of colorless or pale-yellow, 
viscous solutions of pyroxylin or nitrocellulose m a mixture of alcohol and ether, which dries 
0 quickly and forms a lough, elastic fihn. 

While the biofilm penetrating composition may include any number of biofilm 
penetrating agents and base materials, in the case of internal or extental use of the biofihn 

penetratingcompositionwithhumansor animals, the biofihnpenetmtingagentandbasematerial 
Should be biocompatible with the human beings or animals in which the medical device is 
inserts or implanted. "Biocompatible" is herein defined as compafible with living dssues. such 
ftat the medical device is not rejected or does no, cause hann to the living tissue. 

The tenn "efTective concentration" is herein defined as a sufficient amount of the biofilm 
penetrating agent to substantially prevent the growth or proUferation of biofilm embedded 
microorganisms on the a, leas, one surftce of the medical device in the case of the biofihn 
pcnetmting composition bemg a coating; and as a sufficient amount of the biofilm penetrating 

agent tosubstanuallypenettate. or break-up.fl,ebiofih„ontheatleas,onest^ofthemedical 
device, thereby facilitating access of the biofilm penetrating agen, antimicrobial agents, and/or 
antifungal agents to ti.e microorganisms embedded in tire biofilm. and ti,us. removal of 

substantially all ofthemictoorgamsmsfiomatleastonesurfeceofthemedical device in ti,e case 

14 
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of the biofilm penetrating composition being a solution. The amount will vary for each of the 
biofilm penetrating agents and upon known factors such as pharmaceutical characteristics; the 
type of medical device; the degree of biofilm embedded microorganism contamination; and the 
use and length of use. It is within the ability of a person of ordinary skill in the art to relatively 
5 easily determine an effective concentration for each biofilm penetrating agent. 

In one embodiment, the biofilm penetrating composition solution is foraied by combining 
31 mg/ml N-acetylcysteine in phosphate buffered saline at a concentration equivalent to 10 times 
the minimal bactericidal concentration of N-acetylcysteine for the infecting strain Staphylococcus 
epidermidis. The concentration of N-acetylcysteine, or any other biofibn penetrating agent, 
1 0 present in the biofilm penetrating composition, may be adjusted as desired or necessary without 
undue experimentation by persons skilled in the art. Preferably, antimicrobial agents and/or 
antifungal agents, may be included in the biofilm penetrating composition at desired or necessary ^ 
concentrations. 

In another aspect, the invention is directed to a method for coating a medical device. 

15 Broadly, the method for coating a medical device includes the steps of providing a medical 
device, providing, or forming, a biofilm penetrating composition coating, and applying tiie 
biofilm peneti-ating composition coating to at least one surface of tiie medical device in an 
amount sufficient to substantially prevent tiie growtii or proliferation of biofilm embedded 
microorganisms on at least one surface of the medical device. 

20 In one specific embodiment, the metiiod for coating a medical device includes tiie steps 

of forming a biofilm penetrating composition of an effective concentration for activating the 
biofilm penetrating agent, and tiius substantially preventing tiie growth or proliferation of 
microorganisms on at least one surface of tiie medical device, wherein the biofilm penetrating 
composition is formed by combining a biofilm penetrating agent and a base material. At least 
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o-,e surface of «,e .edica, d„ice is „ wift fl,e biofi jTenCn^n, composition 
under condiUons whe™n d,e biofita P.„e«a.i„g composita cove. a. leas, one surfa. of U,e 
medical device. ..Contacting" includes, bu. is no. li»i.«, .o. impregnating. con^„u:.ding. ' 
mixing, integrating, coating, spiaying and dipping. 

5 '"™"'--P-'*=mventio„„lates,oan,ed,odf„rremovingsubs,antialiyan ofU>e 

bioHta embedded mic^snts from a. leas, one surface of the medical device. In one 
specific embodiment, .he metitod of removing subs,antially all of the biofihn embedded 
mictootganisms fiom a. least one surface of ti,e medical device includes fte steps of p^viding 
a medical device having a. leas, one surface, the a. leas, one surface having biofilm embedded 
microorganisms atiachcd U,ere.o. and contacting ti,e medical device witit a biofilm penetrating 
composition as described in grea.er detail above. -.Contacting" fUnher includes, bu. is no. 
Hmited .o, soaking, rinsing, flushing, ,„bmerging. and washing. The medical device should be 
contacted with ,he biofilm penetrating composition for a period of time sufficient to temove 
substantially all of the biofilm embedded mic^rganisms fiom ti,e at least one surface of tite 
medical device. In one specific embodiment, the medical device is submet^ed in ti,e biofilm 
peneu^ing composition for at least 5 minutes. AliematiVely. tite medical device may be flushed 
wiflt tite biofihn pene„a,ing composition. ,n the case of tite medical device being a tubing, such 
as dental d™„ tubing, tire biofilm penetiating composition may be poured into flte dental drain 
mbing and boti, ends of the tubing clamped such ti.t tite biofilm penetiating composition is 
-ained wititin tite lumen of ,he .ubing. n-bing is titen allowed .o remamed filled witi. tite 

biofilm penetiating composition foraperiod of time sufBcienttoremovesubstimtially all oftite 
biofihn embedded micotganisms fiom a. least one surface of ti,e medical device, generally, for 
a. leas, about , mmutes to about 48 hou,.. Ahematively, tire denul tubing may be flushed by 
pouring tite biofilm peneua,mg composition inti> tite lumen of tite dental tubmg for an amount 
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of time sufficient to prevent, or remove, substantially all biofilm embedded microorganism 

growth. 

In this embodiment, the biofilm penetrating composition is preferably formed by 
combining a biofilm penetrating agent and a base material at room temperature and mixing the 
5 biofilm penetrating composition for a time sufficient to evenly disperse the biofihn penetrating 
agent in the biofilm penetrating composition prior to contacting the medical device to the biofihn 
penetrating composition. The concentration of biofilm penetrating agent in the biofilm 
penetrating compositions may vary as desu-ed or necessary to decrease the amount of time the 
biofilm penetrating composition is in contact with the medical device. These variations in 

10 biofilm penetrating agent concentration are easily determined by persons skilled in the art. 

In specific embodiments of the method for coating medical devices and the methods for 
removing substantially all of the biofilm embedded microorganisms firom at least one surface of 
the- medical devices, the step of forming a biofilm penetrating composition may also include any 
bne or all of the steps of adding an organic solvent, a medical device material penetrating agent, 

1 5 or adding an alkalinizing agent to the biofilm penetrating composition, to enhance the reactivity 
of the surface of the medical device with the biofilm penetrating composition. In the case of the 
method for coating medical devices, the organic solvent, medical device material penetrating 
agent, and/or alkalinizing agent preferably facilitate adhesion of the biofihn penetrating 
composition to at least one surface of the medical device. 

20 The term "organic solvent" is herein defined as solvents that can be used to dissolve 

microbial indicator agents, including, but not limited to, alcohols, e.g., methanol and ethanol, 
ketones, e.g., acetone and methylethylketone, ethers, e.g., tetrahydrofiiran, aldehydes, e.g.,. 
formaldehyde, acetonitrile, acetic acid, methylene chloride, chloroform, carbonates, water, and 
alkyl hydrocarbons, e.g., hexane and heptane, and xylene, or similar solvents. 
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The te™, "medical device material p«^u„g ^ ^ ^^^^ 

co^po^d *a. can ^ed . p„,.„.. „„„ 

surface of *e .edica. device. Suiu*,e pe„e,..i„g a.en« include es.e.. e.g.. e*„ aceu.e 
P«.pyl ac«a.e. ace..e. a™., ace^te. and con,bina.io„ «,e.„f. ketones, e.g.. acetone and 
5 metliylelhyllcetone. methylene chloride, chloroform, and xylene. 

tenn "alkalinj^ng agent- is he,^ defined as otgamc and inorganic bases incMing 
sodi,™ hydroxide, potassitm, hydroxide, aUcy. hydroxides, annnonia in ™.er (27% ammonium 
hydroxide), diethylamine and triethylamine. 

Tbc term "high ionic strength salts" is het^in defined as salts exhibiting high ionic 
'0 st^gth. such as sodi,™ chloHde, potassium chloride, ammonium acetate. These salts may act 
both as an alkalini^, ^,„, ^ , ^ ^ ^^^^^ ^^^^ ^ 

Of the mescal device. ^ specific emhodimen, high ionic st^ngth salts may also 

be used in flte step of fonning the biofhn penetrating composidcn. 

In another embodiment of d. method for coating a m«.ical device, the biofilm 
S penett^ing composiucn coating is prefetably formed by combining a biofilm penetrating agent 
aod a base material a. room temperatu. and mixing the biofilm penettating composiUon for a 
^ sumcien. to evenly dispe.se the biofilm penettating agent in the biof51m penetrating 
composition prior to applying .He biofilm penetnuing composi«on to a surface of the medical 
device. ^ m«,iea, device may be contact with the biofilm penetrating composition for a 
penod Of time sufiicient for the biofihn penettating composition to adhe,. ,o a. ,e« one surface 
Of the medical device. A«er U.e biofilm penetrating composition is applied to a surface of the 
medical device, it is allowed to diy. 

Tie medical device is prefetably p,ac«i in contact with the biofihn penetrating 
composition by dipping .be medical device in the biofilm penetmting composition for a period 
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of tiine ranging from about 5 seconds to about 120 minutes at a temperature ranging from about 
25°C to about 80 °C. Preferably, the medical device is placed in contact with the biofilm 
penetrating composition by dipping the medical device in the biofihn penetrating composition 
for about 60 minutes at a temperature of about 45 " C. 
5 The medical device is then removed from the biofilm penetrating composition and the 

biofilm penetrating composition is allowed to dry. The medical device may be placed in an oven, 
or other heated environment for a period of time sufficient for the biofilm penetrating 
composition to dry. Preferably, the medical device is placed in a heated environment having a 
temperature of about 80°F to about 180°F for about 3 minutes to about 30 minutes. Preferably, 
10 the medical device is placed in an oven at a temperature ranging from about 120°F to about 
1 60 °F for about 1 0 minutes to about 20 minutes. 

Although one layer, or coating, of the biofihn penetrating composition is believed to 
provide the desired biofilm penetrating composition coating, multiple layers are preferred. The 
multiple layers of the biofilm penetrating composition are preferably applied to the at least one 
15 surface of the medical device by repeating the steps discussed above. Preferably, the medical 
device is contacted with the biofilm penetrating composition three times, allowing the biofilm 
penetrating composition to dry on at least one surface of the medical device prior to contacting 
the medical device with the biofilm penetiating composition for each subsequent layer. In other 
words, tiie medical device preferably includes three coats, or layers, of tiie biofilm penetrating 
20 composition on at least one surface of the medical device. 

In anotiier embodiment, the method for coating medical devices with a biofihn 
penetrating composition coating includes the steps of forming a biofihn penetrating composition 
coating of an effective concentration to substantially prevent tiie growtii or proliferation of 
biofilm embedded microorganisms on at least one surface of the medical device by dissolving 
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a b.offl™ pe„e.„,i„, ^ ^ ^ ^^^^^^ 

pencraung agen. .o *e bicfita pe„«.«„, ^.^^^^ ^^^^^^^ ^ 

agen. „ fte bMto pe„e..u„g agen, o^^.,, ^ ^^^^ ' 

penetraung agen, .o tap^^e fte reae«vi,y „f .he n«,eria) of fte »edica. device. He biofita 
5 pe„e«ati„g composition is a,en hea,ed ,o a .en,pe.,u:e ^ flon, abou, 30"C ,o abou. 70'C 
u> eni^ance U,e adhe.ence of .he biofita, pe„„^i,g ^ 
of *e medica, device. Tt. biofi,„ pe„e..,i„g composi.ion coattog is applied .o a. ieas. one 
surface of U,e .edica, device. p.fe.bly by con.a«ing a,e biofihn pene.ra.ing composition 
coaung ,o fte a. ,ea« one surface of ti,e medica, device for a sufflcien. period of time for ti,e 
) b,of,hn penen^ting composition coating .o adhere .o a. leas, one surface of ti,e medical device 
The medical device is amoved from ti,e bioflta penetiating composition coa.ing and allowed 
«. d.7 for a. leas. 8 hours, and preferably, ovemigh, a, ™om .emperati,„. TT,e medical device 
ti,en be rinsed witi, a .i,nid. such as water and allowed .o dry for a, leas. 2 hon... and 
preferably 4 hour., befor. being s.ri,i^. To faci.i.a» drying of tire biofflm penetiating 
composition onti, ti. surface of U« medical device. ti.e medical device may be placed in.o a 
Wd envi_ such as an oven. For example. fl» medical device may Be placed in.o an 

ove„a.MO"Fforfi«ee„minu.es.ofacili.a.ed^i„gti,ebiommpenetiatingcompositionon« 
surface of a medical device. Preferably, muhiple laye. of ti,e biofflm penetia.ing 
composition coating is applied . ti. a. leas, one surface of ti. medical device by repeating ti,e 
Steps above. 

In anoti,er embodimen.. tt,e meti,od for coating ti,e medical devices witi, a biofllm 

penetiating composLion includes ti,e s,eps of forming tire biofllm penetiating composition and 

mcorporating tire biofflm penetiating composition inti, ti,e ma.erial fonning ,h= medical device 

dunng the fonnationofthe medical device For examnle f-1 

vice, i^or example, the biofilm penetrating composition 
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may, be combined with the material forming the medical device, e.g., silicone, polyurethane, 
polyethylene, Gortex (polytetrafluoroethylene), Dacron® (polyethylene tetraphthalate), Teflon® 
(polytetrafluoroethylene), and/or polypropylene, and extruded with the material forming the 
medical device, thereby incorporating the biofilm penetrating composition into material forming 
5 the medical device. In this embodiment, the biofilm penetrating composition may be 
incorporated in a septum or adhesive which is placed at the medical device insertion or 
implantation site. An example of a coated medical device having a biofilm penetrating 
composition incorporated into the material forming the medical device in accordance with this 
embodiment is the catheter insertion seal having an adhesive layer described below in greater 



In still another aspect, the invention is directed to coated medical devices. Broadly, the 
coated medical devices include a biofilm penetrating composition coating applied to at least one 
surface of the medical device. Suitable medical devices and biofilm penetrating compositions 
are described above in greater detail. The biofilm penetrating composition may be applied to at 

15 least one surface of the medical devices in any suitable manner. For example, the biofilm 
penetrating composition may be applied to the medical devices following any of the methods 
described above in greater detail. 

In one specific embodiment, a septum, or adhesive layer, is made of a breathable material 
which has small enough porosity to allow moisture to pass, but functions as a barrier to 

20 microorganisms thereby facilitating a lower incidence of microorganism colonization and 
resuhing contamination or infection. The adhesive layer may also include a layer of gauze to 
facilitate a lower incidence of microorganism colonization and resulting contamination or 
infection. The coated medical devices in this specific embodiment permit only limited contact 



10 



detail. 



21 





wo 00/33895 ^_ ^_ 

PCT/US99/28843 

of U,c biofllm pe„«n.ang composition wifl, body and/or blood, hereby deceasing fte 
potential for allergic reactions. 

Refemng now u, Figure 1. in one specific embodin,en,. fte invention is di«e,ed to a 
catee. inse«ion seal 10 which includes fte biofihn pcnetoting composition 15. In Ms 
5 embodimem, fte cafteter i„se«ion seal ,0 includes a ti.. end 1 1, a second end .2. and an 
apenure 13 connecting firs, end ,1 in second end 12. Aperti^ 13 r„„s ti^ough fte cati.e.er 
insertion seal 10. tiiereby connecting fiM end 1 1 and second end 12. 

Second end 12 includes an adhesive layer 14 which faciUtates securing , he oaAeter 
i-nicn seal 10 ,o a.e e«en,a, surface of a human being or animal, i.e.. tire skin. Alternatively. 
'0 adhesivelayer Mmaybeaniniegralpartofthecati^terinsertionseal 10. A catheter (no. shown) 
may titen be placed ti^ugh ti« cati,e.er insertion seal 10 by passing ti,e cati,e,^ tin-ough tite 
apemue 13. Apem.e 13 may be connected to firs, end 1 1 and second end 12 a. an angle (no. 

*ow„)lessthan90degrees..oficUiute insertion ofthecatheterti^ughtheaperturenand into 
ae human being or animal. -*eter may fl,en be secured to flte cathe^ in^on seal .0 
'5 byanymeU^dtoowntopersonsskilledintheart. For example, the catireter insertion seal 10 
may include tabs (no. shown, or flanges (no. shown) which are recip.^ to tabs or flanges on 
cati^^r. Which, when engaged witi, one anotiter. secute tire catireter to tire catireter insertion 
^eal 10. A mechanical interference fit between tire apetture 13 and Ure outer diameter of ti« 
catiteter may also secure tire catheter to tfie caflreter insertion seal 1 0. 
0 The adhesive layer 14 may be formed ou. of any maKrial known .o parens skilled in the 

art provided tire adhesive layer ,4 mcludes at least one side having a "sticky" adhesive for 
-curing tite cati>«er insertion sea, 1 0 to tire external surface of tire human being or otirer animal 
For example, adhesive layer 14 ntay be formed ou. of any of tire materials identified above 
regardmg medical devices and base material. 
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The biofilm penetrating composition 1 5 may be incorporated into the adhesive layer 1 4 
by any method known to persons skilled in the art. For example, the biofilm peneti-ating 
composition may be incorporated into the adhesive layer 14 as discussed above in greater detail. 
Accordingly, the adhesive layer 14 facilitates securing the catheter insertion seal 10, arid thus the 

5 catheter, to the external surface of the human being or other animal, prevents and/or removes 
substantially all microorganism growth or proliferation along the surface of die catiieter insertion 
seal 10, and provides a defense from contamination or infection at tiie insertion or implantation 
site by keeping microorganisms away from the insertion or implantation site. 

The following examples are offered by way of illustration and are not intended to limit 

10 the invention in any manner. For example, other biofilm penetrating compositions may be 
formed havmg lower concentrations of a biofilm penetrating agent which is capable of preventing 
or removing microorganisms growth along the at least one surface of the medical device. 
Further, other biofihn penetrating compositions may be formed at concenUations sufficient for 
preventing or removing microorganism growth along the at least one surface of the medical 

1 5 device depending on the cause of the microorganism contamination. 

EXAMPLE 1 

Seeding phase: A dynamic flow sterile system that consisted of an infusion bad 
containing a bacterial suspension of Staphylococcus epidermidis (4x10' cfu/ml of saline) that 
20 infused at equal rates (about 41 ml/hour) into tiie lumens of eight ethylene oxide gas sterilized, 
7-french, 20 cm polyurethane, single-lumen catiieters for 12 hours at room temperatiire. The 
catheters were covered by a plastic sheath to ensure sterility of tiie surfaces. The bacterial 
suspension drained from the catheters into beakers. 
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Grow* phase: The lume,« of fte four oateers we^ infused wift stele uypticase soy 
broa ("TSB") a. a rate of . 0 „,/hour for 24 hours «. allow for biofihn fo„„a«o„. TH. i„fi.sed 
biolh drained fix)m the catheters into the beakers. 

Treatn,e„t phase: lie lumens of the eight cathetet. wete treated with biofita, penefating 
composition solutions a. described in Table I. T1,e N-acetyloysteine and rifampin are used at a 
concentraUon equivalent to ten times Ute eor«spondi„g minimal bactericidal concentration of 
*e N-a^tylcysteine ^ the rifampin for the studied strain of 5,<,pAy™ p.l 
mg/mJ and 0.02 Mg/ml respectively). 



Catheter 



TABLE I 



Catheter Solution 



1 

2 

3 

4 

5 

6 

7 



Control (Phosphate-buffered salme) 
Control (Phosphate-buffered saline) 
Phosphate buffered saline + 3 1 mg/ml N-acetylcysteine 
Phosphate buffered saline + 3 1 mg/ml N-acetylcysteine 
Phosphate buffered saline + 0.2 /.g/ml rifampin 
Phosphate buffered saline + 0.2 ^g/ml rifampin 
Phosphate buffered saline + 31 mg/ml N-acetylcysteine 
+ 0.2 /ug/ml rifampin 

Phosphate buffered saline + 31 mg/ml N-acetylcysteine 
+ 0.2 Mg/mi rifampin 



The treaunent solutions in Table I were instilled into the caUteter lumens, and the two 
ends of each catheter were clamped and the solutions we,e allowed to «„ain in the lumens of 
the catheters for four hours at room tempeiature. 



24 



wo 00/33895 




PCT/US99/28843 



After four hours the catheters were cultured by two methods. Catheters 1,3,5 and 7 were 
cultured by flushing and Catheters 2, 4, 6, and 8 were cultured by sonication. 

The clamps were removed from each end of Catheters 1, 3, 5, and 7 and the treatment 
solutions were drained. Two milliliters of air was pushed through the lumen of each cathe;ter 
5 using a syringe. Each catheter lumen was then flushed briskly three times with 4 ml of sterile 
TSB and the flushed TSB was collected in designated Erlenmeyer flasks. Hundred microliter 
aliquots of the collected portions of the flushed TSB and 10-fold serial dilutions were inoculated 
onto chocolate agar plates and colony counts were determined after incubation of agar plates at 
37°C for 48 hours. Results are in Table 11. 

10 The clamps were removed from each end of Catheters 2, 4, 6, and 8 and the treatment 

solutions drained. Using sterile gloves and razor blades, each catheter was placed on a sterile 
surface and both the proximal and distal 1 cm segments of each catheter was cut off and 
discarded. The remaining 18 cm portion of each catheter was cut into six, 3 cm segments, each 
6f which was sliced down the middle to expose the lumen. Each 3 cm segment was placed in 5 

15 ml of phosphate buffered saline and sonicated for 1 minute. Hundred microliter aliquots of the 
sonicated fluid and 10-fold serial dilutions were inoculated onto chocolate agar plates and 
allowed to incubate at 37° C for 48 hours. Colony counts were determined after incubation of 
agar plates and the average number of colonies in each agar plate for each treatment solution was 
then determined. Results are in Table III. 

20 
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Catheter 



FLUSH CULTURES 



Number of Colonies 
(cfii per catheter) 



10 



1 
3 
5 
7 



3.5 X 10^ 
No growth 
1.1x10" 
No growth 



15 



20 



25 



TABLE HI 
SONICATION CULTURES 



30 



Catheter 


Number of Colonies 




(mean cfu per 3 cm catheter) 


2 


33 


4 


0 


6 


0 


8 


8.3 



These results show that N-acetylcysteine effectively penetrates and breaks-up the biofilm 
and kills biofilm embedded microorganisms such as Staphylococcus epidermidis. At the 
concentration used, the antimicrobial activity of N-acetylcysteine against biofilm embedded 
microorganisms when assessed by flush cultures also surpasses the antimicrobial activity of 
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rifampin, one of the more active antibiotics against staphylococcal organisms. As shown in the 
above example, N-acetylcysteine may be used alone or in combination with antimicrobial agents 
and/or antifungal agents. For instance, the combination of N-acetylcysteine with antimicrobial 
agents may provide the unique advantage of penetrating the biofilm, thereby facilitating access 
5 of the antimicrobial agents and/or antifungal agents to the biofilm embedded microorganisms, 
thereby enhancing the ability of the antimicrobial agents and/or antifungal agents to more 
effectively remove biofilm embedded microorganisms from at least one surface of the medical 



Seeding Phase: A dynamic flow sterile system that consisted of an infusion bag 
containing a bacterial suspension of Staphylococcus epidermidis (10' cfu/ml of saline) that 
infused at equal rates (about 40 ml/hour) for 12 hours at room temperature into the lumens of 
four gas-sterilized, 7-french, 20 cm polyurethane, single lumen catheters that were coated as 
15 described in Table IV. 



device. 



10 



EXAMPLE 2 



TABLE IV 



Catheter 



Catheter Coating Composition 



20 



9 



11 



10 



12 



Control uncoated catheter 

Catheter coated withN-acetylcysteine (50 mg/ml of coating composition) 
Catheter coated with rifampin (40 mg/ml of coating composition) 
Catheter coated with N-acetylcysteine (50 mg/ml of coating composition) 



25 



and rifampin (40 mg/ml of coatingcomposition) 
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All of fte biofito pe„eua,i„g coa.i,«, ^i^^ ^ ^.^^ ,0-12 we« pr=par«l 3S ' 

b.ofito p.„„^u„g composition coating in fte concentrations identified above. 

The biofita penetrating composition coatings were fonned by dissolving 75 mg of 
5 sodium byd^xide in >5n>' of m=ti^„, ^yiestitring until clear, yielding a concentration of 5 
mg sodium hydroxide p„ m, of methanol. TT.e dissolution was mo„ ..pidly achieved while 
stirring on a ho, plateat a temperature of about 45"C. Eighty-five (85) ml of btrtyl acetate was 
*en added to the sodium hydroxide/methano. sol«ion in aliquots while continuously stirring at 
45"C to keep the solution clear thereby fonning a .5:85 (vo,:vol) of methanohbuty, acetitte 
mixntre. The desired concenh^tion of N-acetylcy^eine and/or rifampin were then obtained by 
dissolving 5 mg of N-ace.y,cysteine and/or 4 mg of rifampin ta the metitanohbuty, acetate 
mixtur. to fon. the bioflhn penetrati.^ composition coating. n,e cath«e,. were dren dipped in 
ae biofflm penetrating composition coating for , hour at 45 'C. tiren r^noved fl.m the biofihn 
penetrating composition coding and allowed to dry ovemight. TT» catheters we., gently rinsed 
^vitir water and ti«n allows to dry for a, leas, 4 befote being gas sterilized witi, ethylene oxide. 

The gas slerilized catireters were covered by a plastic sheath to ensu,. sterility of the 
s^ftces and attached to tire testing system. T.e bacterial suspension drained fiom tire catheters 
mto beakers during th. 12 hour seeding phase as described above, 

Gtowti, ph^: lumens of tire fot. catireters were infirsed witi. s,„Ue TSB a. a ..te 
of 10 mMtour for 24 hours to allow for bioflim formation infUsed TSB drained i^om tire 
catheters into beakers. 

TTte caUreters were cultirred usmg ti« sonication technique discussed above in Example 
■ • After 48 hours of incubation a. 37«C, colony counts we. obtained for each 3 cm piece of 
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catheter and the mean number of colonies was calculated for each biofilm penetrating 
composition coating treatment. The results are in Table V. 

TABLEV 



Catheter Mean Number of Colonies (cfii per 3 cm segment) 

9 75 

10 120 

11 0 

12 0 



These results show that catheters coated with N-acetylcysteine and rifampin together 
completely prevent growth of Staphylococcus epidermidis on the surface of the catheter. 

EXAMPLE 3 

An in vitro model consisting of the modified Robbin's Device ("MRD") was used to 
study the formation of biofilm and colonization of catheter segments by Staphylococcus 
epidermidis. The MRD is described in greater detail in Nickel, et. al. "Tobramycin resistance 
of Pseudomonas aeruginosa cells growing as a biofilm on urinary catheter material," 
Antimicrobial Agents and Chemotherapy, 27:619-624 (1985) which is hereby incoiporated by 
reference in its entirety. 

The MRD is constructed of an acrylic block 42 cm long with a lumen of 2 mm x 10 mm. 
The MRD has 25 evenly spaced specimen plugs, each connected to a 1 cm silicone catheter 
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segment whose anterior surface ^ r>r^2x 

surface (0.3 cm ) comes ^n contact with the flushed infusate coming from 

a connected tubing and infusion bag. 

Six different typesofsihcone catheter segments were coated as described in Examples" 
above With the differences being in the concentrations of the biofllm penetrating agent and/or 
ant^microbial agent present in the bio.lm penetrating composition coating. T.e six different 
catheters in Table VI were studied in triplicate. 



TABLE VI 



Catheter 



Catheter Coating Composition 



13 
14 
15 
16 

17 
18 



Control uncoated catheter 

Caft«=. <=„a.ed wift N-ace,y,cys,ei„a (50 mg/„„ „f coating composiUon) 
Cafteter coated wift minocycline (25 mg/ml of coating contpodtion) 
Caa,eter coated with N-ace.yicystein. (50 mg/nj of coating compoaition) and 

minocycline (25 mg/ml of coaling composition) 
Ca.I,eter coated witl, chlon,xylenoI (50 mg/„J of coating composition) 

Catheter coated with N-acetvlcvsteine f^n r«r./~i c 

*«t.exyicysteme (50 mg/ml of coating composition) and 

chloroxylenol (50 mg/ml of coating composition) 



The MRD was washed Ave times with 70% ethanol followed by five washings with 

was gas sterilized by ethylene oxide. 

Seedingphase:Abagt.:a,containedabac.crMst«pensi„„of5».^*.W»„^^^^^^^ 
>0'c«.„,of5%de»osein™=r)wasconncc.edtotheMRDviaani„t,ave„o..ad™i„ist^^^ 
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set and allowed to run for 2 hours at 60 ml/hour at room temperature. The effluent solution from 
the MRD was drained into beakers during the 2 hour seeding phase. 

Growth phase: Sterile TSB was run into the MRD at 10 ml/hour for 48 hours. The 
effluent TSB from the MRD was drained into beakers during the 48 hour seeding phase. 

Wash phase: Sterile saline solution was run through the MRD at 40 ml/hour for 4 hours. 
The effluent saline solution was drained into beakers during the 4 hour washing phase. 

Catheter segments were cultured by placing each catheter segment in 5 ml phosphate 
buffered saline and sonicated for 10 minutes. One hundred microliter aliquots were plated onto 
chocolate agar plates for plat counts af^er incubation at 37 °C for 1 8 hours. The colony counts 
for each catheter segment for each biofilm penetrating composition coating in Table VI was 
counted and the mean for each biofilm penetrating composition coating was determined. Resuhs 
are in Table VII. 



TABLE VII 



Catheter 



Mean Nimiber of Colonies (cfii per 3 cm segment) 



13 
14 
15 
16 
17 
18 



Too numerous to count 
Too numerous to count 

25,200 

12,000 

14,750 

3,650 



These results show that catheter segments coated with a biofilm penetrating composition 
having a combination of N-acetylcysteine and either minocycline or chloroxylenol provides 
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synergis,ic antimic^biai acUvi^ ^ subsunUally inhibits *e g„,„tt, and p„„fera.ion of 
S,ap,y,ococcus epUennUi, o„ fte surface of cartel. coa«d wi* ^ biofita penetrating 
composition. 

It is u, b. unde^tood .ha, the invention is no, limited to the exact details of construcUon 
5 ope^tion. exact maWais. or embodiments shown and described, a. obvion. modificaUons and 
equivalents will be apparent to one sWlIed in the art For example, the biofflm penetrating 
composition may be combined with antimicrobial agents or antimic«,bial compositions e g 
Wfamycins (e.g.. rifampin), ten^clines (e.g.. minocycline), mac^lides (e.g., e^thromycin) 
penicillins (e.g.. nafcilUn), cephalosporins (e.g.. cefazolin). carbepenems (e.g.. imipenem, 
.0 monobactams (e.g.. a^treonam, aminoglycosides (e.g.. gentamicin). chloramphenicol 
sulfonamides (e.g, sulWthoxazole). glycopeptides (e.,., vanomyoin). metronidazole, 
dmdamycin, mupirocin. ,uinoi„nes (e.g. ofloxacin), beta-lactam inhftito. (e.g.. sulbacam and 
clavulanic acid,, chloroxylcnol. hexachlo^phene. cationic biguanides (e.g.. chlorhexidine and 
cydohexidine), methylene chloride, iodine and iodophores (e.g., povidone-iodine, triCosan 
>5 '^"^■«-P«P-«ons(e.g..ni.roft™.oinandnit™fi^„e).me,henami„^^ 

glutaraldehyde and formaldehyde), alcohols, cetylpyridinium chloride, methylisothiazolone. 
*ymol. a-tetpineol. and any other antimicrobial agent or composition known to persons sldUed 
- the an, to provide medical devices havmg biofihn penett^ting capabilities and antimicrobial 
capabilities. ^ hioflhn ^^^^ ^ ^ ^^^^ ^^^^ 

20 agents or antifimgal compositions, including, but not limit^l to polyenes (e.g,. amphotericin B), 
-ICS (e.g.. fluconazole), nystatin. amoroMine. ciclopi^x. terbinafine, naftiflne. and any oti,er 
-fimga. agent or con^sition l.o™ to persons sldlled in the art. to provide medical devices 
havmg bioflhnpenetiating capabilities and antiflmgal capabilities. Also. «,e biofilm penetiating 
composition may be combined witi, mic„bial activity indicate, which indicate the presence of 
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microorganisms on the surface of the medical device. Accordingly, the invention is therefore to 
be limited only by the scope of the appended claims and equivalents thereof. 
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CLAIMS 

WHAT IS CLAIMED IS: 

2 I' H ^""'^ fte ^ or p™,ifen.«o„ of biofita 

^bedded ™„oorga„is„. on a. leas, one surface of a medical device comprising ,eas. one 
J biofilm penetrating agent. 



The composition of claim 1, further comprising a base 



material. 



I 3. Thecompositionofclaim I ^ wherein the at least one biofilm penet^ting agent is selected 
from the group consisting of cysteine and derivatives thereof 

2 1 ^^"^^"^^^^^^^^^^ ^'-^--^-tleastonebiofihnpenetmtingagentisselected 
from the group consisting of N-acetyl cysteine and derivatives thereof 

2 !o • the base material is selected from the group 

2 ^onsistmgofrubbers.thennopIastics. and elastomers. 



1 6 
2 



The composition of claim 2. wherein tte base material is selected fiom the gtoup 
consisting ofwater and buffer solutions. 



aueas, ^ "T""" -"^-tially all biofthn embedded microoiganisms <rom 

least one surface of a medical device comprising at leas, one biofihn penetrating agent. 

8- The composition of claim 7, iteher comprising a base material. 

L .^"^ ^< - biofito, penetn^ing agent is selected 

irom the group consisting of cysteine and derivatives thereof 

6om the group consistmg of N-acetylcysteine and derivatives thereof 
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11. ' The composition of claim 8, wherein the base material is a buffer solution. 

1 2. The composition of claim 1 1 , wherein the buffer solution is phosphate buffered saline. 

13. A method for substantially preventing the growth or proliferation of biofilm embedded 
microorganisms on at least one surface of a medical device comprising the steps of: 

providing a medical device having at least one surface; 
providing a biofilm penetrating composition; and 

contacting the biofilm penetrating composition to the medical device in an amount 
sufficient to substantially prevent the growth or proliferation of biofilm 
embedded microorganisms on the at least one surface of the medical device. 

14. The method of claim 13, wherein the biofilm penetrating composition is formed by 
mixing cysteine or derivatives thereof and a base material. 

1 5 The method of claim 13, wherein the biofilm penetrating composition is contacted to the 
medical device for a period of time sufficient to form a coating of the biofihn penetrating 
composition on the at least one surface of the medical device. 

16. The method of claim 13, wherein the biofilm penetrating composition is contacted to the 
medical device by integrating the biofihn penetrating composition with the material forming the 
medical device during formation of the medical device. 

1 7. The method of claim 1 2, wherein the biofilm penetrating composition is contacted to the 
medical device by flushing the medical device in the biofihn penetrating composition for a period 
of time sufficient to substantially prevent the growth or proliferation of biofilm embedded 
microorganisms on the at least one surface of the medical device. 
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coated medical device, comprising: 
(a) a medical device; and 



3 
4 

^ orprolifcm,™ of biofito, »bedded microorganisms on «,e a, leas, one surfeoe 

of fte ooaw medical device, fte biofUm pe„e«ating composition coafeg being 
disposed upon the at least one surfece. 

.9. TTie medical device of claim ,8. whe^in biofita penetrating composition coaUng 
mdudes at least one biofilm penetrating agent. 

2a T*e medical device of claim ,9, wherein the biofllm penetrating composition coating 
lurther mcludes a base material. 

2. . THe medical device of claim 19, wherein the a. leas, one biofilm penetmfeg agent is 



selected from Uie group consisting of cysteine and derivatives 



thereof. 



22. n,e medical device of claim ,9. wher«n ti,e biofflm penetnuing agent is selected from 
the group consisting of N-aeMylcysteine and derivatives ftereof. 

23. The medical device of claim 20. wherein fte base material is a buffer solution. 

24. A meftod for removing subs,an.ially all biofilm embedded mic^organisms ftom a 
med^ dev.ce having a, leas, one surface, fte a. leas, one surfece of ti,e medical device having 
biofilm embedded microorganisms attached «,ere,o, comprising fte steps of 

providing a medical device having a. leas, one surface, tiie a. leas, one surface of the 

medical device having biofito, embedded miorooi^sms attached thereto- 
providmg a biofilm penetrating composition; and 
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7 . contacting the biofilm penetrating composition with the medical device in an amount 

8 ' sufficient to remove substantially all of the biofilm embedded microorganisms 

9 ' from the at least one surface of the medical device. 

1 25. The method of claim 24, wherein the biofilm penetrating composition is formed =by 

2 mixing a biofilm penetrating agent and a base material, 

1 26. The method of claim 25, wherein the biofilm penetrating agent is selected from the group 

2 consisting of cysteine and derivatives thereof. 

1 27. The method ofclaim 25, wherein the biofilm penetrating agent is selected from the group 

2 consisting of N-acetylcysteine and derivatives thereof. 

1 28. The method ofclaim 27, wherein the base material is a buffer solution. 

1 29. The method ofclaim 24, wherein the biofilm penetratmg composition is contacted to the 

2 medical device by flushing the medical device m the biofilm penetrating composition for a period 

3 of time sufficient to substantially prevent the growth or proliferation of biofilm embedded 

4 microorganisms on the at least one surface of the medical device. 
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